We evaluated the appropriation and use of fishing resources by women residing near the Mamanguape River Estuary (MRE), Paraíba state, Brazil. Were used combinations of qualitative (interviews and direct observations) and quantitative methods (use value and corrected principal use concordance). Thirty women were interviewed and reported the use of 41 species (30 fish, 8 crustaceans, and 3 mollusks), mainly for local consumption and sale. The species with the highest use value were Genidens genidens (0.7), Callinectes exasperatus (0.73) and Anomalocardia brasiliana (0.46). The diversity of resources exploited demonstrates the importance of the mangrove ecosystem to MRE families, and the data gathered can serve as a basis for formulating public policies to promote the equal participation of women in fishing and environmental conservation.
INTRODUCTION
Mangrove-estuary complexes are transition areas between freshwater and marine habitats. They occur along the coasts of tropical and subtropical regions and their faunas and floras create intricate food webs essential for maintaining coastal ecosystems (Schaeffer-Novelli 1995) . Mangroves are also sources of various natural resources such as lumber, dyes, fishes, crustaceans and mollusks that are essential to the subsistence of local human communities (Alves and Nishida 2003 ).
An important element that defines the survival of mangrove fishing communities is the family unit, in which all members actively participate in fishing activities to guarantee their survival and extra income (Magalhães et al. 2007 ). Women living in coastal communities participate in income-generating activities. Their productive organization is directly linked to the use and management of natural marine resources and exhibits strong interactions between productive processes and environmental dynamics. Therefore, understanding the dynamics of this environment, how it is managed by women is one of the keys to Anais da Academia Brasileira de Ciências (2012) 84(4): 1189-1199 (Annals of the Brazilian Academy of Sciences) Printed version ISSN 0001-3765 / Online version ISSN 1678-2690 www.scielo.br/aabc determining the their degree of influence in fishing communities and to enlist them in the sustainable management of mangrove ecosystems.
Even though women are largely responsible for the regional food production in the Mamanguape River Estuary (MRE; Paraíba state, Brazil) few studies have focused on their participation in the fishing economy of the MRE. The women who live in this estuary have established intimate relationships with the mangrove ecosystem, obtaining resources necessary for the survival of their families and carrying out essential functions in local fishing practices. The present study evaluated the use of MRE fishing resources by fisherwomen and examined the importance of these resources to their livelihood. This information can contribute to future management plans and practices designed to guarantee the sustainable use of species in this region.
STUDY AREA
The Mamanguape River Estuary is located on the northern coast of Paraíba state, Brazil (6°43'02'' to 6° 51'54'' S and 35°01'46'' to 34°54'04'' W; Fig. 1 ), extends 25 km from east to west and is 5 km wide at its mouth. It comprises an area of 16,400 ha, making up part of the Barra de Mamanguape Environmental Protection Area (EPA) created in 1993 to protect coastal ecosystems and West Indian manatees (Trichechus manatus manatus Linnaeus, 1758) (Mourão and Nordi 2002) .
The estuarine portion of the EPA includes a vast extension of mangrove swamp covering approximately 6,000 ha, and is one of the most wellpreserved areas in Paraíba state, despite logging for local consumption, the presence of sugarcane plantations, and the large-scale commercial shrimp (Alves and Nishida 2003) . The flora of the Mamanguape River mangrove swamp is typified by the presence of Rhizophora mangle (red mangrove), Avicennia germinans, A. schaueriana (black mangrove), Laguncularia racemosa (white mangrove), and Conocarpus erectus (button mangrove). The fauna includes fishes, crustaceans and mollusks that constitute the principal subsistence resources of the river-dwelling human communities.
The present study focused on women living in the communities of Aritingui, Barra de Mamanguape, Taberada, Tavares and Tramataia, all located along the banks of the Mamanguape River Estuary. These women take part in fishing activities and harvest mollusks and crustaceans. There are relatively few employment opportunities in the immediate area, limited to manual labor on sugarcane plantations, shrimp farms and tourism. The inhabitants of Aritingui, Taberaba and Tavares, however, are not totally dependent on the mangrove ecosystem because of the sugarcane factories at Miriri and Japungu that can absorb a large part of the workforce; there is also shrimp farming in the region that employs inhabitants of these communities during the harvest season. Additionally, communities members care for small agriculture plots that, together with fishing, provide the principal means of subsistence for their families. Dependence on mangrove resources is greater in Barra de Mamanguape and Tramataia where traditional fishing practices are the principal means of subsistence. Tourism (even on the small current scale) has more recently contributed to improve living conditions in these communities.
METHODS
Field work was carried out between October 2008 and August 2009, during which monthly or bi-weekly visits lasting from three to seven days each were made to the communities. Information about local fishing was gathered through open and semi-structured interviews, as well as from direct observation by non-participating observers (Bernard 1994 , Viertler 2002 . The interviewees were identified using the snowball method (Bailey 1994) , in which the women themselves indicated other members of the community as key informants and with whom we subsequently established a closer relationship during the course of the research.
Sampling was intentionally non-random (Almeida and Albuquerque 2002) and the interviewees were all women involved in fishing activities. A total of thirty women were interviewed (Aritingui = 3; Barra de Mamanguape = 3; Taberaba = 3; Tavares = 9; Tramataia = 12) and chosen based on the following criteria: 1) fishing experience equal to or longer than 10 years; 2) fishing regularly 3 or more days per week; 3) women who performed other activities closely related to fishing (sport fishing guides, collecting natural bait, etc.); and 4) former fisher with 10 or more years of fishing experience. In order to protect intellectual property rights, we followed an informal research protocol in which we briefly explained the nature of the research and specific objectives to each interviewee before initiating the survey (Silvano and Begossi 2005) .
Data were analyzed by interpreting the conversations with the interviewees (Mourão and Nordi 2002) . The method was based on the union of diverse individual competences model (Hays 1976) , which consists of considering all information supplied by all interviewees, without any exclusion.
The vernacular names of the animals were recorded as spoken by interviewees, and their scientific names were subsequently determined from the taxonomic literature (e.g., Figueiredo and Menezes 1980a , b, 1985 , Mourão and Nordi 2002 , Nishida et al. 2004 , 2006 , Rocha et al. 2008 . A list was prepared of all species cited, as well as of their uses. The animals were grouped into four categories of use (Silvano 2004) : commercialization (resources destined for sale); local consumption (resources used only for eating due to their lack of significant commercial value); medicinal (resources used for the treatment of diseases); and fishing bait. MICHELLE S.P. ROCHA et al.
The use value (adapted from Phillips et al. 1994) was calculated for each species recorded; this is a quantitative method used to determine the relative importance of local species: UV = U/n, where U = number of times a species is cited; n = number of interviewees.
Additionally, the corrected principal use concordance (CPUc) index was calculated for each species. This index calculates the relative importance of the principal use of a given species weighted against its other common uses. These calculations were based on the work of Friedman et al. (1986) as modified by Amorozo and Gély (1988) . However, unlike these studies, we considered species that were cited only once, as the correction factor (CF) allows for standardization of the results:
Where: PU = number of interviewees who cited the principal use(s) of the species; E = number of interviewees who cited the species (number of citations per species); EM = number of interviewees who cited the most species.
RESULTS AND DISCUSSION

FISHING RESOURCES IN MRE
The fisher in the MRE used a total of 41 different species: 30 fishes, 8 crustaceans and 3 mollusks (Table I) , although the exact numbers of fishes, crustaceans and mollusks used differed among communities. The communities of Tramataia and Barra de Mamanguape used the highest numbers of fishes (17 and 12 species respectively). The community of Tramataia harvested the most crustaceans (6 species), and cited a high number of uses for these (n=33), with "siri" crabs of the family Portunidae being the most heavily exploited (n=30 citations). The harvesting of mollusks was only noted at Barra de Mamanguape (n=3 citations), Tavares (n=2 citations) and Tramataia (n=21 citations), with no reports among the fisher from Aritingui or Taberaba (Table I) .
According to interviewees, two factors contribute to the harvesting disparities between these communities: the first is related to the location in relation to the mouth of the Mamanguape River (where the local fisher have access to different habitats and more species of fish); the second is related to the dependence and exclusive dedication of the women of Barra de Mamanguape and Tramataia on fishing (women from the other communities also farm as an auxiliary means of subsistence).
The fisher exploit a high diversity of natural resources in the Mamanguape River estuarymangrove complex. This corroborates the findings from different authors who showed the importance of mangrove areas to the economies of riverside communities and noted the wide spectrum of resources harvested by fisher in these areas (Dias et al. 2007 , Lambeth 1999 , Paludo and Klonowski 1999 , Rocha et al. 2008 , Rönnbäck 1999 . Women in the MRE region use several species as a resource base; it is therefore important to ensure that the stocks of these species remain viable to guarantee the economic survival of the many families who depend on them.
The use value (UV) of the species cited varied from 0.03 to 0.73 (Table I ). The UV of fish species varied from 0.03 to 0.70, with "cambueiro" catfish (Genidens genidens -Ariidae) having the highest number of citations (n=21; UV=0.7), followed by "tainha" (Mugil curema -Mugilidae) and "camurim" (Centropomus sp. -Centropomidae), with 19 and 15 citations respectively. The use values recorded for the crustaceans varied from 0.03 to 0.73 (Callinectes exasperatus (Portunidae) being the species with the highest use value). Of the species of mollusks cited, the clam Anomalocardia brasiliana (Veneridae) had the highest UV (n=14 citations; UV=0.46). G. genidens, M. curema, Centropomus sp and C. exasperatus were cited by members of all communities studied.
The harvesting of certain species was often observed to be dependent on the location of a Although previous studies of women harvesting marine resources indicated that they almost exclusively gathered invertebrates such as mollusks and crustaceans, this picture is apparently changing and many women are migrating into areas of fishing that have traditionally been associated to men, such as fishing at sea (Fadigas et al. 2008 , Kronen 2002 , Pisua and Leonardo 1998 . The numbers of fish species found to be harvested (n=30) by the fisherwomen in this study clearly demonstrates the importance of women in the local fishing economy.
As traditional fishing activities undertaken by coastal and riverside communities in mangrove areas have great socioeconomic and cultural importance, the rigorous maintenance of this ecosystem will be required to guarantee the survival of these families. 
TABLE I (continuation) USE OF FISHING RESOURCES IN THE MAMANGUAPE RIVER ESTUARY
USE OF THE FISHERIES RESOURCES
The fishery resources harvested by women in the MRE were intended primarily for local consumption, commerce, medicinal and bait uses (Table I) . A large part of the catch was destined for local consumption (47%, Fig. 2) , as an important source of protein for families. A third of the catch (33%) was for both local consumption and commerce. Only a few fishes (7% - Fig. 2 ; Hippocampus reidi, Megalops atlanticus and Myliobates narinari) were used for medicinal purposes such as treatment of asthma.
The highest corrected principal use concordance (CPUc) values were for "cambueiro" catfish (G. genidens -100%), "tainha" (M. curema -90%) and "camurim" (Centropomus sp. -71%) ( Table I ). These species also had the highest use values (UV) and were regarded by the interviewees as the most important species, especially for local consumption.
Approximately 50% of the crustaceans were destined for local consumption or sale to members of the community, tourists, or restaurants in neighboring cities and 37.5% were only consumed by the families of the harvesters (Fig. 3) . Another 12.5% were destined for home consumption, sale or bait -e.g., mangrove root crabs (Goniopus cruentata) and mud crabs (Callinectes sp.). There was no record of crustaceans being used for medicinal purposes among the interviewees in the present study. C. exasperatus showed the highest CPUc (70.3%), followed by C. bocourti (58.4%). Both were consumed locally.
Most mollusks collected were mainly used in local consumption (75%), with A. brasiliana having the highest concordance percentage in relation to its use (CPUc = 92.8%). Surplus mollusks were also sold (25% of cases) in the local community and in open markets in neighboring cities.
The importance of fishing resources as income and food for the communities in and around the MRE corroborates studies in other fishing communities in Brazil showing that most of these resources are used for family consumption, commercial purposes, bait, and folk medicine Rosa 2007, Silvano 2004) .
Many authors have noted that crustaceans represent an important resource for populations living in mangrove areas, and many women traditionally dedicate considerable effort to harvest these resources (Cardoso 2007 , Dias et al. 2007 , Magalhães et al. 2007 , Matthews 2002 . Crustaceans are one of the most important groups in the domestic economies of families living near mangrove swamps in Paraíba state (Alves and Nishida 2003) .
Despite the general scarcity of studies on mollusk harvesting, investigations have pointed to the importance of shellfish for communities that depend on mangrove resources. Dias et al. (2007) in Rio Grande do Norte state, and Fadigas et al. (2008) in the Goiana and Megaó river estuaries (PB/PE) noted that shellfish are of significant importance as food resources in coastal communities.
Women contribute significantly to fishing activities in various regions of the world (Golder and MacDonald 2002 , Matthews 2002 , Kronen 2002 . These authors pointed out that the contribution of women includes not only subsistence fishing but also small-scale, village-based commercial activities. The diversity of resources harvested by fisher in the MRE, whether for sale or family consumption, demonstrates the importance of the diverse marine-estuary resources of the mangrove to local subsistence economies, making it urgent to formulate management guidelines for these natural resources. Such guidelines should in turn guarantee the persistence of both local biodiversity as and the subsistence communities built around it. USE OF FISHING RESOURCES IN THE MAMANGUAPE RIVER ESTUARY
SOCIOECONOMICS ASPECTS
The ages of the informants ranged from 18 to 55 years (average 36.5 years) and their fishing experience ranged from 10 to 50 years (mostly 20-30 years; 43.75%). Sixty seven percent of women had stable partners -40% within stable marital relationships, 27% in consensual unions. The number of individuals per family ranged from 1 to 8, with a mode of three individuals. The education level of the respondents was relatively low, 27% of women being illiterate or 33% having an incomplete primary education. As noted by Dias et al. (2007) , the shellfish collectors of Rio Grande do Norte begin working very early, usually with their mothers, and the socioeconomic positions of these fisher are very precarious.
The large number of adults interviewed in this survey provides a good understanding of the traditional fishing culture, due to the accumulated experience of many years in this profession. These women generally became involved with fishing when they were very young, usually due to their lack of formal education or lack of opportunities in other professions. The low educational level and the few employment opportunities are factors directly related to the high degree of dependence of the fishery resources. Therefore, there is the need for actions aimed at maintaining the ecosystem of the MRE, since many of these women have in fishing the only way to provide for their families. The large numbers of family members observed in some households was often due to the aggregation of children from previous relationships, but may also reflect extended families still sharing the parents' home after marriage. These factors lead to the formation of fishing groups linked by kinship, which can often promote greater fishing success (Diegues 2001) .
Women of the MRE divided their time between fishing activities and domestic obligations, and 30% of them were also involved in agriculture. Traditional fishing is no longer the only economic activity in most coastal communities, and the complementary activities undertaken by women include tourism, commerce, domestic services, and agriculture (Escallier 2004 , Hanazaki et al. 1996 . Reconciling family and domestic tasks with fishing activities is a permanent problem in the lives of shellfish harvesting communities along the Brazilian coast (Dias et al. 2007 , Maneschy 2000 .
Approximately 43% of interviewees had fishing licenses and 20% were registered as rural workers, for a total of 63% of women with some kind of legally registered profession and contributing to Social Security, thus ensuring their rights to maternity leave, retirement, and other similar benefits. Family income is always very low and 60% of the women interviewed were living on incomes below the legal minimum wage (about US$350.00/month) while the other 40% earned less than two minimum wages. 72% of the MRE fisher had alternative sources of income, ranging from pensions (6%) or retirement benefits (3%) and may have received government aid through social programs (e.g., "Bolsa Familia" -60% or "PETI" -3 %). It should thus be clear that fishing communities are peripheral groups within the country's economic system, and that they are heavily dependent on the natural resources found in the mangrove ecosystem.
CONCLUSIONS
In spite of recent changes in the economic and environmental conditions, these fishing communities are still greatly dependent on natural marineestuary resources. The diversity of fishing resources harvested by the women interviewed in this study reinforces the importance of mangrove ecosystems in the subsistence of coastal and riverside communities, as well as the crucial roles of these areas for the breeding, reproduction and development of many marine and freshwater species.
Socioeconomic data revealed that the women in these communities fish as the main means of family subsistence, although they can also perform other agricultural activities to supplement family resources. The work carried out by these fisherwomen in the MRE is important to the maintenance of their families and for the economic growth of the community, especially in light of their otherwise precarious conditions of education, health, infrastructure and income.
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